Abstract: The time-domain description of horns is needed in time-domain simulations of acoustical systems such as wind instruments, and is very helpful to understand their transient behaviour. General alternatives based on the Helmholtz-Kirchoff integral are attractive because they can handle 2D and 3D acoustic fields and lead to a surface discretization instead of volume discretization (as required, fw example, in FEM). For axisymmetric horns, the use of an annular time-domain unit source -not implemented in commercial codes-dramatically reduces the number of elements. This paper presents the development of such source and its application to time-domain horn acoustics.
INTRODUCTION
The study of axisymmetric horns (ofien found at the output of wind instruments) has usually been done through approximated unidimmensional models. However, the propagation inside these ducts is necessarily bidimmensional. The analytical solution of the wave equation is not possible in general, and numerical methods are required. Among them, those based upon the HeImholtz-Kirchoff integral (surface methods) have received increasing attention in the past few years.
As compared with the well-established numerical method of FE, the surface methods allow the choice of the number of points where the acoustic filed is going to be calculated, In the FEM, the calculation in all points of the system (in our case, the air volume inside the horn) cannot be avoided.
All surface methods are based on the idea of replacing the real surface limiting the volume where the acoustical problem is formulated by a finite number of virtual sources which lead the same boundary conditions on that S* [Ochmann, 1995] . In the numerical formulation of the problem, the field created by these sources has to be integrated over the boundary in order to properly adjust their intensity to fulfill the boundary conditions. The differences between the several existing methods come from the type of virtual sources (which can be of any kind provided they are solutions to the wave equation), their position (inside or outside the volume, on the surface) and their number.
Among these methods, a well-known one is the BEM (which uses punctual sources placed directly on the boundary), Though widely used, this algorithm presents two important drawbacks: the singularity in the integral equations and the non uniqueness of the solution at critical frequencies when used in the frequency domain.
These problems can be overcome by moving the sources away from the real horn surface and shifiing to time domain. Kropp et al, (1995) proposed a time-domain method where monopole sources are placed at finite distances from the boundary.
For the case of flaring axisymmetric horns, the symmetry suggests the use of annuIar sources. Their study is presented in the following sections.
THE TIME-DOMAIN ANNULAR SOURCE
The annular source can be considered as a continuous circular set of differential monopoles. The velocity potential it creates on a point P, calculated through the integration of the monopole potentials, is:
where pin,,, and p~aXare the minimum and maximum distances, respectively> from the source 'o 'he point p (m defined in Fig. 1 ), M is the air mass injected by the source at time t=O, &(t) is the Heaviside function and ~(P, t; AS, t~) is the Green function associated to the annular source (AS), which describes a thoroidal expanding wave. The parameter M has to be continuously adjusted for each annular source in order to fulfill the boundary condition of zero velocity normal to the horn profile ( v,,= 0). A Green function Q(t)for an annular source is In the numerical implementation of the problem, the horn profile is discretized in annular patches of equal finite length Al along the profile. Each of them has an associated annular source placed on an external offset S* at distance do and centered over the patch.
Thus the boundary condition translates into an average condition of the mean normal velocity v" over mch patch and over every time step At which can be expressed qualitatively through an algebric equation of the form [1{}{ H~M = -integrated flow from the real sources and the previously calibrated virtual sources . } This equation determines the intensity M of the virtual sources at every time step At.
It is advantageous to place the annular sources in a way that the emitted waves reach the neighbour patches at least at one time step later than its own associated patch. Thus only the virtual source associated to each patch has to be adjusted to fulfill the boundary condition on that patch, and HObecomes diagonal, Furthermore, it is advisable that the virtual sources are not activated before their associated patch is hit by the original wave (created by the real sources). In this way, the number of simultaneously active virtual sources is kept to a minimum.
In scattering problems where the original wave propagates parallel to the horn profile, this condition is fulfilled if dO is as small as possible, the time step At is related to the patch length Al through At= Al /c, and the virtual sources are switched on and sequentially calibrated at instants (n-1/2) At (n= 1,2.,.).
CONCLUSION
An impulsional annular source has been developed to study both radiation and scattering problems whith axisymmetrical geometry. The use of this type of source in a surface method (as BEM and the equivalent source method) reduces the usual 2D spatial surfacediscretization to a 1D discretization on the profile. The application & surch sources to the particular problem of scatering inside a rigid horn has been addressed.
